In this paper a new asymmetric 3-translational (3T) parallel manipulator, i.e., RPa(3R) 2R+RPa, with zero coupling degree and decoupled motion is firstly proposed according to topology design theory of parallel mechanism (PM) based on position and orientation characteristics (POC) equations. The main topological characteristics such as POC, degree of freedom and coupling degree are calculated. Then, the analytical formula for the direct and inverse kinematic are directly derived since coupling degree of the PM is zero. The study of singular configurations is simple because of the independence of the kinematic chains.
INTRODUCTION
In many industrial production lines, process operations require pure translation movements only. Therefore, the 3-DOF translational parallel mechanism (TPM) has a significant potential value since it is a relatively simple structure and easily controlled [1] .
Many scholars have being studied the TPM. For example:
original design of 3-DOF TPM is the Delta Robot which was presented by Clavel [2] . The structure manipulators of TPM have been developed [3] [4] [5] . Tsai et al [6] presented the 3-DOF TPM, the moving actuators are prismatic joints and the subchain is 4R parallelogram mechanism (P is prismatic joint and R is revolute joint). The same architecture was optimized to have isotropic posture in the center of its workspace with 3 or 5 degrees of freedom in [7, 8] . Li et all developed a 3-UPU parallel mechanism (U is universal joint) [9] and analyzed the instantaneous kinematics performance of the TPM. In [10] , the authors suggested a 3-RRC TPM and developed the forward and inverse solution equation (C is cylindrical joint).
Considering the anisotropy of kinematics, Zhao et al [11] analyzed the dimension synthesis and kinematics of the 3-DOF TPM based on the Delta PM. Zeng et.al [12] [13] [14] introduced a 3-DOF TPM called as Tri-pyramid robot and presented a more detailed analytical approach for the Jacobi matrix. G. Bhutani et al [15] established a new design for the 3-UPU mechanism by taking into account mathematical models. Gao et al [16] developed a TPM with decoupled motion.
2 However, the most previous TPMs generally suffer from two major problems: i) the degree of coupling κ of the mechanism is greater than zero, which means its forward position solution is generally not analytical, and ii) the mechanism does not have input-output decoupling characteristics [17] , which leads to the complexity of motion control and path planning.
According to topology design theory of PM based on position and orientation characteristics (POC) equations [18] , a new TPM is proposed in this paper. The TPM is designed with simple structure and features zero coupling degree, which makes it possible to produce analytical models for the direct and inverse kinematic model. In addition, TPM's motion control and trajectory planning is easier thanks to its partially decoupled motion characteristics.
STRUCTURAL DESIGN
The 3T parallel manipulator proposed in this paper is illustrated in Fig.1 . The base platform 0 is connected to the moving platform 1 by two hybrid simple opened chain (HSOCs).
To illustrate the structure of the manipulator, the CAD design of the hybrid chain is shown in Fig. 1(A) . Two HSOCs composed of series of links are shown in Fig. 1 11 R . The extended part of the opposite link 3' of the parallelogram is connected in parallel with a sub-chain composed of two links(6 and 5) and three parallel revolute joints (3R, i.e., 23 22 21 R R R PP), which is
. Further, two links (7 and 8) and two parallel revolute joints (2R, i.e., 12 13 || RR ) are connected in series with the link 3', which are connected to the moving platform 1. Because the two revolute joints(2R, i.e., 11 
21

RR
TOPOLOGICAL ANALYSIS
Analysis of the POC set
The POC set equations for serial and parallel mechanisms are expressed respectively as follows: The topological architecture of the two HSOCs of the mechanism can be denoted as:
The POC sets of the end of the two HSOCs are determined according to Eqs. (1) and (2) as follows: 
The POC set of the moving platform of this PM is determined from Eq.(2) by
So, the moving platform 1 of the PM produces a pure translation motion.
Determining the DOF
The general and full-cycle DOF formula for PMs proposed in author's work [18] is given:
where, F -DOF of PM. The mechanism can be broken down into two independent loops, and their constraint equations are calculated as follows:
 The first independent loop is consisted of branch I and II, the HSOC 1 is deduced as:
Thus, as obtained from Eq. (2), the POC set of the sub PM is The physical meaning of the coupling degree κ can be explained as follows:
 The coupling degree κ reflects the correlation and dependence between kinematic variables of each independent loop of the mechanism. It has been proved that the higher κ, the greater the complexity of the kinematic and dynamic problems of the mechanism will be. 
Calculation of coupling degree
The independent displacement equations ( 1 
FIGURE 2. A PLANAR VIEW OF THE 3 ROBOTS
Without losing the generality, the frame coordinate system O-xyz is established on the base 0. The x-axis is parallel to the axis of 11 R , and the y-axis is perpendicular to the axis of 11 R . On the moving platform 1, the moving coordinate system uvw is established at P. The u axis and the v axis are perpendicular and parallel to the axis of the 33 R respectively.
Both z and w axis are determined by the right hand Cartesian coordinate rule, as shown in Fig. 3(A) . For ease of comprehension, the 3T PM is redesigned in 3D view as shown in Fig. 3(B) .
The length of each actuated arms 2, 5 and 12 is C Dl  , 1 1
The three input angles are defined as θ 1 , θ 2 and θ 3 , as shown in 
Equation (6) leads to: 
Direct kinematics of AKC 2
From the Fig. 3 
Inverse kinematics
To solve the inverse kinematics, we compute the values of θ 1 , θ 2 and θ 3 as a function of the coordinate P of the moving platform. We have also to evaluate the value of β, which is a passive variable form the Eq. (10).
Solution for
For a given position of the moving platform, there are two positions for points 1 C ,,
Due to the link length constraints defined by 1 1 7 D El  , the coordinates of 1 D , 1 C and 2 C can be deduced as below: 1  1  1  1  1  1   2  2  2  2  2  2   2  2  2  2  4   2  2  2  2 4 
CONCLUSIONS
In this article, a new asymmetrical new parallel mechanism of pure parallel translation with a degree of zero coupling and complete motion decoupling has been proposed. The inverse and direct kinematic models are obtained. The mechanism is simple in structure and easy to manufacture, which can be used in transportation, positioning and other operations of the manufacturing industry. The study of singular configurations is simple because of the independence of the kinematic chains.
